A two-phased solvothermal method was employed to synthesize BiOCl nanoplates using Bi(NO 3 ) 3 ·5H 2 O, sodium oleate and KCl as the starting materials. The phases, morphology and optical property of the products were characterized by X-ray powder diffraction (XRD), transmission electron microscopy (TEM) and UV-vis diffuse reflectance spectroscopy (DRS). XRD and TEM images showed that the BiOCl nanoplates have a tetragonal phase with the lateral length of 50-100 nm. DRS exhibited that the obtained BiOCl samples have great absorption in the ultraviolet light range. Methyl orange (MO) and Rhodamine B (RhB) were used as the target degradation to assess the photocatalytic properties of the samples. Under UV irradiation, the degradation rate of MO and RhB was reached to 96.3 % and 97.7 % within 30 min. The results indicated that the BiOCl nanoplates have great potential applications in dye degradation.
Introduction
Water is essential to human life, industrial and agricultural production of natural resources. During the last few decades, the dye using caused serious environmental pollution, especially water pollution. Textile industry is rated as one of the most polluting sector among the different human activities due to their high discharge volume and effluent composition [1] . Solving the dye wastewater problem has become a hot topic of concern in the world. To date, semiconductor photocatalysis has attracted increasing attention as a potential environmental technology for wastewater remediation [2] . Photocatalysis is one of the most promising methods for environmental protection. It is friendly to the environments and has a relatively low cost. Thus, heterogeneous photocatalysts with high activities have attracted considerable interest Recently, bismuth-based photocatalysts have received tremendous attention due to its unique layered structure that helps the separation of photo-generated electron-hole pairs [3] . Among them BiOCl as one of the most important bismuth oxyhalides, the predicted energy gap value is 3.3 eV, belongs to the indirect band gap semiconductor characteristic. In indirect bandgap semiconductor material, composite of electron-hole pairs can be conducted only by electron emission or absorption, which reduces the combination probability of photo generated electrons and holes [4] . Therefore, indirect jumps the characteristic and open style laminated structure at the same time exists is advantageous to the electron-hole effective separation and the electric charge transfer, causes that BiOCl have the good photochemical catalysis activity and the stability [5] . It has been revealed that the photocatalytic properties of BiOCl are not only related with the morphology but also synthetic methods. Various BiOCl nanostructures including nanobelts [12, 13] , ionothermal synthesis [14] , template-assisted synthesis [15] , microwave-assisted synthesis [16] and hydrolytic synthesis [17, 18] . The prepared samples in terms of performance need further improvement, and the synthesis conditions are relatively harsh. In recent years, lamellar structure BiOCl materials have attracted much attention [19, 20] . Owing to its unique electronic, magnetic, optical, and catalytic properties, which mainly arise from their large surface areas [21] . Therefore, exploring a facile method to prepare BiOCl nanoplates structure with excellent photocatalytic activity for dye degradation is still desired.
In this paper, a two-phased solvothermal method was employed to synthesis BiOCl nanoplates. The photocatalytic activities of the as-prepared samples were evaluated by degradation of MO and RhB under UV light irradiation. The as-prepared BiOCl sample showed excellent photocatalytic activity for the degradation of MO and RhB, which was prepared without the presence of CTAB or NaOH. The degradation rate of MO and RhB was approached to 96.3 % and 97.7 % within 30 min under the same conditions. It is expected that the present study could be great potential value in photocatalytic activities.
Experimental

Preparation of photocatalyst
All of the reagents were analytical grade and were used as received. In a typical synthesis process, 2 mmol of Bi(NO 3 ) 3 ·5H 2 O and 6 mmol of sodium oleate were put into 200 mL three-necked flask containing 15 mL of deionized water, 15 mL of ethanol and 30 mL of hexane. After stirred at room temperature for 1 h, the flask was moved into an oil bath and refluxed at a temperature of 70 ºC for 30 minutes. Finally 4 mmol of KCl was added for heating backflow with stirring for 1 h. After cooled down to room-temperature, the mixture was transferred into a 25 mL capacity Teflonlined stainless steel autoclave, and kept at 180 ºC for 12 h, and finally cooled to room temperature naturally. The product was washed with deionized water and ethanol for three times. The final products were then dried at room temperature for further characterization. This sample was denoted by BiOCl-1. For comparison, the BiOCl samples prepared by adding 6 mmol CTAB or NaOH with stirring of 30 min before the addition of KCl under the same conditions was denoted by BiOCl-2 and BiOCl-3, respectively. Another comparison sample was prepared by just refluxing for 2 h without the solvothermal treatment, which was denoted by BiOCl-4.
Characterization
The crystal structure of the samples was determined by X-ray diffraction (XRD, BRUKER D2 with Cu K α radiation (λ = 1.54178 Å)). The microstructures of the samples were characterized by transmission electron microscopy (TEM, Hitachi H-600). The optical properties of the samples were tested by UV solid reaction instrument (Shimadzu UV-4802S PC).
Photocatalytic activity measurement
For photocatalytic measurement, take MO and RhB as the target degradation. 20 mg catalyst dissolved in 50 ml 10 mg/L MO and RhB solution respectively. Before the lighting, the suspensions were magnetically stirred in dark for 1 h in photochemical reaction apparatus (Xu Jiang machine plant in Nanjing XPA) to reach the adsorption-desorption equilibrium and then exposed to light from a 100 W Hg lamp. The suspension has been given time interval for liquid. Fetched suspensions was fed into a centrifuge tube, then placed the mixture in a centrifuge (Shanghai Anting Scientific Instrument Factory TCL-16C) in 10000 r/min centrifuged for 5 minutes to remove the catalysts. The suspensions were analyzed on a UV-vis spectrophotometer (Shimadzu UV-2550 PC) for testing analysis. The percentage of degradation is reported as C/C 0 , where C is the concentration of the dyes for each irradiated time, and C 0 is the starting concentration. Fig. 2(d) ) showed the morphology of the block structure. It can be concluded that BiOCl-1 has a more uniform particle size and better dispersion. Figure 3(a) showed the UV-vis diffuse reflectance spectra of the BiOCl samples. It can be seen that all the absorption peaks occurred at about 380 nm, which is consistent with the reported absorption edge of BiOCl [5] . Figure 3(b) is band gap of BiOCl samples, which was calculated by the following equation [22, 23] .
Where α, υ, A and E g represent the meaning of absorption coefficient, the frequency of the incident light, scaling factor and bandgap energy, respectively. Among them, the value of n depends on the type of semiconductor bandgap. The direct band gap semiconductor and indirect band gap semiconductor have different n value, and the value of n for indirect bandgap semiconductors is 4 [24, 25] . The band gap can be estimated by Tauc plot as shown in Figure 3(b) . The band gaps of the as-prepared BiOCl samples were in the Р е п о з и т о р и й К а р Г У range of 3.0 eV to 3.25 eV. Wherein, the band gap of BiOCl-1 was 3.25 eV. The BiOCl-1 sample exhibited wide ultraviolet absorption region and high light absorption, meaning that more electron-hole pairs can be produced under the UV irradiation, which would benefit its photocatalytic performance as shown below. 
Photocatalytic activity of BiOCl
The photocatalytic activities of as-synthesized BiOCl nano-plates have been evaluated by degradation of MO and RhB solution ultraviolet light irradiation. Figure 4 (a-b) shows the absorption spectra of MO and RhB solutions (10 mg/L) in the presence of BiOCl-1. The characteristic peak of MO at λ = 463.5 nm and RhB at λ = 663 nm weakened gradually along with the illumination time extension. When the illumination time was 30 min, the basic characteristic peaks were merely vanished. As a comparison, the photocatalytic activities of the other samples were checked under the same conditions. This indicated the as-prepared BiOCl has the excellent photochemical catalysis activity for both acid dyes and basic dyes. Figure 4(c-d) displayed the dye degeneration performance of BiOCl nanoplates prepared under different synthesis conditions. As showed in Figure 4(c-d) , the dark adsorptions of MO and RhB were as low as 3 % and 9 %, respectively, showing almost no dye adsorption performance. When UV lamp was turned on, it was found that the sample of BiOCl-1 showed the highest catalytic activity among the samples and the degradation rate can reach to 96.3 % and 97.7 % within 30 min. In summary, the 2D sheet structure BiOCl nanoplates were synthesized through a two-phased solvothermal method. The lateral sizes of the nanoplates are in 50-100 nm range. The X-ray diffraction analysis indicates that the product is pure phase tetragonal BiOCl. The dye degradation experiment revealed its excellent catalytic performance for degradation of MO dye and RhB. The BiOCl nanoplates showed potential applications in the degradation of organic wastewater fields. This work provides a facile method for the synthesis of high photocatalytic activity BiOCl nanoplates. 
Хай
Сольвотермальный синтез нанопластинок BiOCl с высокой фотокаталитической активностью для деградации красителей
Для синтеза нанопластинок BiOCl использовали двухфазный сольвотермальный метод с применением в качестве исходных материалов Bi(NO 3 ) 3 ·5H 2 O, олеата натрия и KCl. Фазы, морфология и оптиче-ские свойства продуктов характеризовались методами рентгеновской порошковой дифракции (XRD), просвечивающей электронной микроскопии (TEM) и спектроскопии диффузного отражения в УФ-видимой области спектра (DRS). Изображения XRD и TEM показали, что нанопластины BiOCl имеют тетрагональную фазу с латеральной длиной 50-100 нм. DRS показал, что полученные образцы BiOCl обладают большим поглощением в диапазоне ультрафиолетового света. Для оценки фотокаталитиче-ских свойств образцов для деградации использовали красители метиловый оранжевый (MO) и рода-мин B (RhB). При УФ-облучении скорость деградации МО и RhB достигала 96,3 % и 97,7 % в течение 30 мин. Результаты показали, что нанопластины BiOCl имеют большой потенциал для деградации красителей при их применении.
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